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Overview and Current Status

OBeam
O Detectors
O Analyses
e Neutrino Charged Current
* Anti-neutrino Charged Current
* Electron Neutrino Appearance Analysis

* Quasi-Elastic Scattering

* Atmospheric Neutrinos
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The Beam

OSmall cross section = we need large number of
neutrinos = we need an intense beam
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Ve Ve V- Vo
Steel -

Scintillator

- Extruded PS scintillator
o strips 4.1 x 1 cm Orthogonal

orientations
of strips

. \ /i' E-:'yWaveIength-shifting fibre
L

U V planes +/- 45°

O Functionally Identical Detectors
Y /a * Same iron, scintillator, and

Clear Fibre cables #a magnetic ﬁeldS

* Allows cancellation of

systematic errors when using
both detectors

Multi-anode PMT
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The D 9 ta Results Coming

Soon

Total NuMI protons to 00:00 Monday 14 February 2011
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Charged Current Interactions (vy)

0 Oscillations from vy, to other types
will manifest as a deficit at the far
detector
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P(v, — v,) ~ 1 —|sin® (2043 )[sin” (
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T
: | oPure decoherence
3.5 = :
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R :
>3.0F .
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. VuCharged Current

- O Similar to vy analysis but
5 with reversed horn current.
hadrons o Background
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MINOS v, running
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FD Events/GeV

1.71x 10 POT MINOS ¥, running, Far Detector
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Far Detector MINOS PRELIMINARY
L B L L L
. Monte Carlo Preselection
0.08—
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s i
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©
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Far Detector

MINOS PRELIMINARY

- ! ' T [ [
. Pre-selection Monte Carlo -
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o ANN uses 11 variables
O Most important plotted
oSelect ANN > 0.7
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MINOS PRELIMINARY O e B e
- S 7x10% POT
i i ——— 90% C.L.AmM2,>0 (NH)
ao- Selected | 15F \i —— 90% C.L. AmZ,<0 (IH)
i i > | Best Fit Am2,>0
..2 i ] E A\ e Best Fit AmZ,<0
3 I | & 10F 3 ——— CHOOZ 90% limit
w0 | w E 2sin’0,,=1 for CHOOZ
| | —=— MINOS FD Data +L+. ] :
. Background Prediction - 0.5 ‘, MINOS
L H‘lhi - PRELIMINARY
0 | . . . . ] . . . & 0 s
0 0.5 1 %% 0.1 0.2 0.3 0.4
ANN Selection Variable 2sin22e1ssin2623

Assuming 0y3 = 7/4, dcp = 0, |Ams,| = 2.43 x 1073
Normal Hierarchy : sin®(26:3) < 0.12 (90%C.L.)
Inverted Hierarchy : sin“(26013) < 0.20 (90%C.L.)

o Better than CHOQOZ limit for most of NH
O More data collected

O Multiple analysis improvements underway
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Quasi-Elastic Scattering

10
< "II E - Known from neutron beta
L q2= _ decay measurements
v 10E by b g \
6= ¥ NOMAD data with total error F (())
4E A LSND data with totg] error ) A
s RFG model with M =103 GeV,k=1.000 | [’ ( ) —
2 RFG model with MYT'=1.35 GeV 1=1.007 A\d 1 9 M2 2
U — | | ] ] 'R R i | 1 1 1 L1111 —_—
10" 1 10  ERF(GeV) '\ ( q / A )

Energy transferred in interaction

o Use Vs as probe to measure axial vector mass Ma

O Internal nuclear structure and interactions are very
ditficult to model

O MINQOS can address gap between MiniBooNE and
NOMAD
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Complementary
Samples

O We can compare
how well different
parts of our model
are simulating the
data.

* 1 -track QEL
» 2 - track QEL

e 2 - track resonance

like

Reconstructed Q° (GeV?)

U Position (m)

MINOS Preliminary
10°
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- L T T L L I Ll Ll ':l.._- :._ L
- Near Detector MC ..l

—_
o

—
TT1T | ——

o 2 -track QEL

-||III|III|III|III|III|

N
B

Z Position (m)

Mar. 15, 2011
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Sample Purity

4 QE Fraction 0.9 Resonance Fraction
0 9 §_ —— 1 Track QE-Like | §
The two QE-like 0' 8 : _ —— 2 Track QE-Like 0.8 ;T.Track.Fit — 1Track QE"‘?RE
selections keep a 0.7 é;‘:ﬁ;‘iﬁ: — 2TrackRestke 0.1 1t Reglon T TaekaEe
> & 0.6 : —— 2 Track Res-Like
nearly constant 06° 05:
65-70% purity. gg 04 —
across the entire 0.3 | 0.3
Q? spectrum. 0.2F 0.2F
0.1 ff”r; 0.1:
0:|||||||||||||||||||||||||||| 0:||||||||||||||||||||||||||||
0O 05 1 16 2 25 3 0O 05 1 156 2 25 3
QEE (GeV?) QEE (GeV?)

0 The 2 track QE sample has its highest purity where
the 1 track QE sample is falling off.

0 We can use this as a handle on the low Q? region

o We can break correlation between the kgermi and M aQE
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Scale

L 0.995 |
0.990 |
0.985 |

0.980 |

Mar. 15, 2011

Projected Sensitivity Contours

Characteristic Mock Data Example

1.000 [—

——— 1 Track Fit (From Nuint 09) |

Mock Data 3 Selection Fit i

MINOS Preliminary

1.10 115 1.20 1.25 1.30

M= Scale

Scale

QE
kFermi
—
W
N

1.30 |
1.28 |

1.26 |

Characteristic Mock Data Example

1.34 |

I | I 1 I 1 | 1 T 1 1 | 1 I 1 I | I 1 I 1 | 1

——— 1 Track Fit (From Nulnt 09) |

Mock Data 3 Selection Fit

MINOS Preliminary

1.10 115 1.20 125 1.30

M= Scale

o Assuming central value remains unchanged

+0.09+-0.12

. . QE __
* Previous measurement: M " = 1.19"555" ¢ 11

* Projected Sensitivity:

MEE _ 1.1910.03+0.12

—0.04—-0.14
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Atmospheric Neutrinos
Cosmic Rays\

o Far Detector can detect
neutrinos from cosmic ray
Interactions

oL varies from ~10 to ~13000
km

oL/E spans 4 orders of
magnitude

0 Oscillations in v, and v, are
detected
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Data

MINOS Preliminary
T T T ]

2 3 4
log_ ( L[km] / E[GeV] )

(%) 60 T T T T »n 50 T

c [ . MC atmos v (no oscillations) . [= B MC atmos v (no oscillations)

O y[ Contained MC atmosv (Am?=2.43x10%V?) 1 @ , e )

Lﬁ - ) B cosmicu - > 40 | MC atmos v (Am“=2.43x10 "eV~*) _
- Vertices — e data L —e— data -
i 0 Upward E
- oo Going E
- -~ Muons
: 10 [ ++ ]

O = O N ] ] ]

MINOS Preliminary
1 T

2 3 4
Iogm( L[km]/ E[GeV])

o Divide the data into events with v interactions
contained in the detector and events in the rock
producing upward going muons.

o Perform a maximum likelihood fit to the L/ E
distributions to obtain oscillation parameters.
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2 _ +4.4 -3 2 AmQ
|| = 245 < WUel 7x10~% < | 2' <17 x 1073
eV

N N '. '. L L N [ o ' | | i

=> - MINOS Preliminary Vo > ¥ MINOS Beamv, BestFit 7 1

() - Atmospheric Neutrinos, 24.6 kT-Yrs . () ¥ MINOS Beam v, Best Fit .

= -1}~ ¥ BestFit | — -1 —
NE1O - —— 68% °|JE1O y

< L —— 90% < 4

[ —— 99%

|AT?| = 1.8T 2 x 1072 eV?

10° F 107 F ]
24.6 kT—YI‘S.? q http: / / indico.cern.c.h/ getFile.py /access?
R R T R R R contribld=276&sessionld=55&resld=0&m
0.2 0.4 0.6 0.8_ , 1 0.2 0.4 0.6 0.8 1 aterialld=poster&confld=73513
sin“20 sin“20
. 9 . 9 g
sin”(26) > 0.58 sin“(260) 06

o For v sample, we fix the V parameters to the the MINOS v
best fit oscillation parameters from 2008.

o Then, we perform the opposite analysis for our v sample.

035 kT-yr. data set with 4 parameter fit coming soon


http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
http://indico.cern.ch/getFile.py/access?contribId=276&sessionId=55&resId=0&materialId=poster&confId=73513
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The Future

o New antineutrino analysis with at least doubled
data set

o New electron neutrino result with more data and
analysis improvements

O New quasi-elastic Ma measurement

o Update atmospheric neutrino results

o Discussing running MINOS in the NOvA beam
o Thank you!
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Backup Slides
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Neutral Current

: ZO
hadrons
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Depth (m)

o All neutrinos interact via NC

o Far Det. event rate
independent of standard
oscillations

o Deficit would be evidence of
mixing into sterile neutrinos

(Vs)
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T T 1 L LI LI I LI | LI I L I LI | LI I T T L | LI I L [ LI | LI I LI
60 MINOS Preliminary — MINOS Preliminary -
- —4— Far Detector Data -
50 —+— Near Detector Data — ]
= ] ]
8 40 Monte Carlo Expectation - .
@ ] s
|5 40 vy CC Background - a - Fh ke Y] v,, CC Background ]
= c N -
Lﬁ E g 60 . _+_ |Am§2| - 2.35)(10-3 eV2 —
“’9 20 _; L 40 s —4- sin22623 =1 E
. - N S -
0 e o \\\\\\\\\\\W\_\ﬁ\\ VINAVATNANA NN . i o S

8 10 12 14 18 20 O 2 4 6 8 10 12 14 16 18 20

EI'GCO (GeV) EI’G‘CO (GeV)

fs

_ P(”MHVS)

- 1-Py, —v,)

< S

" 0.22 (90% C.L. without v, appearance)

| 0.40 (90% C.L. with v, appearance)

OR (Data - Expected Background)/Expected Signal
R = 1.09 & 0.06(stat.) £ 0.05(syst.) 008 (ve)

o No evidence of depletion of NC events
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Cosmic Ray Charge Ratio

O Use far and near detectors to test simple
parameterization of the charge ratio.

Fraction of all decaying pions and

kaons which decay with a detected p*

N+ 1+1.1E, c0s(0%)/ex ' 1+1.1E, cos(8%)/ex
N 1—F, . 0.054x(1—fk)

p 1+1.1E@)/ ) 1F1.1E, cos(0%) fer
Zenith angle at the p production point

€r = 115 GeV and €x = 850 GeV are the critical energies at the muon
production height above which the pion and kaon interaction
probability exceeds the decay probability.




- 30

lp INDIANA UNIVERSITY  XIV International Workshop on Neutrino Telescopes - L. Corwin g7  Mar. 15, 2011

w 139
< Best Fit tK Model (MINOS data)
Z'z MINOS near detector arXiv:1012.3391 [hep-ex]
1.45 MINOS far detector Phys. Rev. D 76, 052003
L3+C
BESS-TeV
1.4 UTAH

MUTRON
OPERA
1.35

1:3

1.25

i

3

10 10° 10

E, cos6” [GeV]

oData from these and other detectors matches the
model well f, =055  fx =0.70

oNear: N,+ /N,- = 1.266 4+ 0.00170015

oFar: N,+/N,- = 1.374 £ 0.0047) 015
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% Hot
o

Events /ton / 1x10

Signal/BG Separation

o Use a kNN algorithm for NC/CC

separation

O Integrated efficiency of 93% and

purity of 94% at the Far Detector

MINOS Preliminary

—<-Data
~ MC Expé€ctation
Il Total Baeckground

'— Selected

10~'E Near Detecton

- 8.65x10'° PaT
" Antineutrino Running

1 L l 1 Lal L I 1 ] 1 I 1 L 1 l l

—
’ l I ' ’

L L — L — L el | L L
0 0.2 0.4 0.6 0.8
CC/NC Separation Parameter

Selector Performance

31
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MINOS Preliminary
Simulated Far Detector

NC Contamination
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Other Analyses

o The physics reach of MINOS is so rich, there are still
analyses I have not had time to cover

Phys. Rev. D 76, 072005: “Measurement of neutrino velocity with the
MINOS detectors and NuMI neutrino beam”

Phys. Rev. Lett. 101, 151601: “Testing Lorentz Invariance and CPT
Conservation with NuMI Neutrinos in the MINOS Near Detector”

Geophysical Research Letters, 36, L05809: “Sudden stratospheric
warmings seen in MINOS deep underground muon data”

Phys. Rev. D 81, 012001: “Observation of muon intensity variations by
season with the MINOS far detector”
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O Greatest difficulty is modeling low Q? region

o This sample has only single muon tracks

o New analysis will use samples that include protons
and other multi-track topologies



